Vol. 26, No.2, May 2017: 159-167 interceptive (e.g. tennis) and strategic sport (e.g. soccer) athletes perform better than static sport (e.g. shooting) ones in terms of processing speed [8] . Wang et al. [9] also revealed that open skill sport (tennis) athletes have superior inhibition control compared to closed skill sport (swimmers) athletes and sedentary persons. In addition, Jacobson and Matthaeus [3] found that self-paced athletes (e.g. bowling or running) scored higher on an inhibition task than externally paced ones (racquet and team sports) and non-athletes, but externally paced athletes scored higher on a problem solving task. These results imply the existence of cognitive functions which are selectively beneficial according to the types of sports. Those cognitive abilities showing significant differences depending on the types of sports were the processing speed skill, inhibitory control, and problem solving. The cause of the selective benefit for cognitive functioning according to the types of sports is speculated to be related to the following two possibilities 1) that athletes scoring higher on specific cognitive functions are prone to show superior ability in the corresponding sports, and 2) that long-term training in a sport may enhance the relevant cognitive functions.
In practice, a significant correlation between sport training experience and cognitive functions has been revealed. A study examining the influence of skill level and training experience on psychomotor ability targeting judo athletes revealed that the senior group who had longer training experience showed higher cognitive performance than the junior group, and the more highly skilled group obtained better cognitive scores than the less skilled group. It has also been shown that training experience has a significant correlation with psychomotor skills in judo players [10] .
This result implies that long term training in sports enhances cognitive abilities relevant to the types of sports. That is, superiority of cognitive functions seems to be influenced by both the types of sports and the length of sport training.
There is another significant variable that affects cognitive functions, which is gender. Gur et al. [11] explained that the gender difference in brain structure leads to sex-related differences in cognitive functioning.
Specifically, males, having a greater amount of white matter in the right hemisphere, tend to perform better on spatial tasks, whereas women, having thicker gray matter in the left hemisphere, show more effective verbal ability. Many studies have also found that men exhibit better performance in terms of mental rotation [12] , reaction time [13] and visualspatial ability [14] . In contrast, women exhibit superior memory [15] , verbal task, and information processing abilities [16] . In spite of these clear sex-related differences in cognitive functions, only few studies have examined the impact of gender on cognitive skills in a sports context. A meta-analysis study which examined the relationship between expertise in sports and laboratory-based measures of cognitions reported that gender significantly accounted for heterogeneity, with males having a greater effect size for cognitive measures than females [8] . A study of Jansen and Lehmann [17] demonstrated that both male non-athletes and male athletes (soccer and gymnastics) showed better performance on a mental rotation task than female non-athletes and female athletes practicing the same sport.
Interestingly, the results of Moreau et al. [18] investigating the effect of sport training on mental rotation were consistent with those of Jansen and Lehmann [17] . They found that male wrestlers and runners outperformed female athletes practicing the same sport in the pretest and posttest, although a 10-month sport-specific practice program led to a significant improvement of mental rotation in both sexes and for both sports.
In contrast, female wrestlers and taekwondo athletes showed better performance on a concentration task [19] and faster reaction time [20] than the male ones, respectively. However, there is also a study suggesting the absence of any gender differences in terms of the visual-spatial abilities of volleyball and tennis players [14] . In spite of their controversial results, gender seems to be a critical component which influences cognitive function and interacts with the types of sports.
Therefore, the purposes of this study were to determine if there is a significant difference in cognitive functions depending upon the types of sports and gender, if there is a relationship between cognitive functions and training experience, and if this relationship differs based on the types of sports. Our final goal is to provide a supplementary tool for the identification of talented individuals who are cognitively prepared for sport.
Materials
The participants performed 4 cognitive function tasks: 3 computerized tests (choice reaction time, concentration grid test and Purdue spatial visualization task) and one paper-pencil test (digit symbol substitution test).
1) Choice Reaction time Test (CRT)
CRT was administered to measure the information processing speed [21] . The CRT consists of 60 stimuli made up of 20 red, 20 blue, and 20 yellow circles. The stimuli were randomly presented one at a time on a computer screen. The participants were instructed to press the appropriate button corresponding to the stimuli presented at one second intervals as quickly and accurately as possible. Specifically, the participants needed to press the left, right or no button in response to the red, blue, or yellow circles on the screen, respectively. The percentage of correct answers (accuracy) and mean reaction time (RT) of the total correct answers were calculated for the analysis.
2) Concentration Grid Test (CGT)
CGT was developed to assess attention, concentration and memory [22] . This test is comprised of numbers from 00 to 99. All of the digits were placed randomly in one of the 10 ×10 numerical grids on a computer screen. The participants were asked to search for consecutive numbers in the range from 00 to 99 and respond by clicking on the grid with the mouse as quickly and accurately as possible. The completion time and accuracy on the CGT were automatically calculated and saved for further analysis. PSVT [23] was employed to determine the spatial visualization ability, a subcomponent of spatial ability (skills needed to generate, retain, retrieve, and transform abstract visual images; [24] ). The test consisted of 30 questions including 13 symmetrical and 17 asymmetrical 3-D cube or cylinder shape objects with varied truncated slots. The participants were asked to select the same figure as that in a given example among 5 choices for each item, in which the figure was rotated so as to have a different direction and angle, without a time limit. The next question was displayed on the computer screen and moved to the right after pressing the button. The accuracy (%), and average response time of correct answers were calculated.
4) Digit Symbol Substitution Test (DSST)
DSST was used to measure the information processing ability [25] .
The paper-pencil version of the DSST was employed in the present study. This test consists of nine digit-symbol codes that appeared on the top of the test sheet. The participants were required to fill in a small box with the symbols corresponding to the numbers (1-9) as accurately and quickly as possible in 120 seconds. The numbers of correct answers were recorded.
Procedures
All of the participants were informed of the purpose of the experiment and signed the informed consent. The test was conducted in a quiet computer room. The participants were asked to complete four cognitive tests, including the choice reaction time test, concentration grid test, Purdue spatial visualization task and digit symbol substitution test to the best of their ability. The three computerized tests, which were displayed in randomized order, were followed by the paper-pencil test. Prior to the actual test, 3 practice trials for each test were provided to make sure the participants understood them.
Statistical analysis
Simple linear regression analyses were also used to determine if train- The level of significance was α =.05. All statistical analyses were conducted using SPSS.
RESULTS
The simple linear regression analysis examining the relationship between training experience and cognitive functions according to sport type revealed that training experience was positively correlated with CRT-RT in the case of interceptive sports (R 2 =.066, p =.035), but negatively correlated with CRT-RT in the case of static sports (R 2 =.059, p =.026). Furthermore, training experience were also negatively correlated with the total score on the DSST (R 2 =.055, p =.032) in static sports.
There were no significant associations between training experience and other cognitive functions in either type of sports.
The regression analysis examining the relationship between training experience and cognitive functions according to gender revealed that the training experience was negatively correlated with DSST score (R 2 =.043, (Fig. 3) . However, there were no gender differences in the choice reaction time, completion time of the CGT or accuracy of the PSVT.
The main effect of sports types, and the interaction between gender and sports types were not significant.
DISCUSSION
This study examined the relationship between training experience and cognitive functions according to sports type, gender, and gender of each sports type. The regression analysis revealed that training accounts for a significant amount of the variance of the choice reaction time (CRT) and digit symbol substitution test score (DSST). Notably, the direction of the relationship between training experience and CRT and DSST differed depending on the sports type, gender, and gender of each sports type.
The simple linear regression analysis examining the relationship between training experience and cognitive functions according to sport type revealed that the training experience was negatively related to CRT in interceptive sports, but positively related to CRT in static sports. In interceptive sports, CRT is the only variable that shows a significant relationship with training experience, and an increase in experience causes a shortening of the RT, which is consistent with the result of previous meta-analyses, in which "interceptive sports showed the largest statistically significant effect on measures of processing speed" [5, 8] . In addition, Mann et al. [5] Since previous studies which examined the difference in processing speed depending on the level of skill or sports types were cross-sectional ones, it is still unclear whether the faster processing speed found in interceptive sport athletes relative to athletes in strategic or static sports is the result of training or due to their natural talent in terms of processing speed. However, recent studies which investigated the processing speed of interceptive sport athletes with different sports experience reported that more experienced athletes had a faster processing speed than less experienced ones [10, 26] . In the present study, the interceptive sport athletes exhibited a reduction in their processing speed with increasing training experience. Such results support the hypothesis that interceptive sport training reduces processing speed.
Then, what creates the beneficial effect of interceptive sport training on processing speed? Interceptive sport is a type of sport that includes the characteristics of aerobic exercise and competitive sports. A metaanalysis on the effect of aerobic exercise on cognitive functions revealed the benefits of aerobic exercise in terms of executive functions, visuospatial processing, controlled processing, and processing [27] . In the present study, however, the relationship between training experience in interceptive sports and cognitive functions was only significant in regards to the choice reaction time. This may be due to the nature of interceptive sports that involves mental demands requiring rapid reaction to the stimulus.
Contrary to interceptive sports, static sports exhibited delayed reaction time with increasing training experience. Mann et al. [5] observed a smaller effect on response time in static sport athletes than in other sports types. Sports were defined as static if they involved highly consistent, self-paced situations [8] . For this reason, static sport training is con- centrated more on the enhancement of accuracy and consistency than improving prompt response to stimuli in a rapidly changing environment. In shooting and archery, for example, physical fixation training is conducted to minimize body movements.
As found in this study, long-term training to enhance accuracy and consistency may lead to a reduction in processing speed, which can be understood in terms of a speed-accuracy trade-off. This speed-accuracy trade-off expresses the negative relationship between speed and accuracy, which is a phenomenon in which speed increases as accuracy decreases and vice versa [28] . As a fundamental principle of human performance, the speed-accuracy trade-off was refers to either when the people try to perform faster response with a large number of error rate or slower in decision making or movement responding but make more accurate [21] . Therefore, it is possible that the long-term physical fixation training of static sport athletes to increase their accuracy leads to a delay in their processing speed.
The negative relationship between processing speed and training experience in static sport athletes was also found in the digit-symbol substitution test (DSST). The DSST scores showed strong correlations with measures that in some way involve perceptual speed or processing speed [29, 30] . A higher DSST score reflects faster perceptual or processing speed. The static sport athletes exhibited lower DSST scores as their training experience increased. This decline in processing speed can be seen as a counteraction to increased accuracy resulting from long-term training in of static sports.
As shown in the choice reaction time test and the symbol digit substitution test, the static sport athletes exhibited a delay in their processing speed with increasing training experience. Importantly, however, it cannot be concluded that a slow reaction time is beneficial in static sports.
Even though static sport training has a tendency to slow the processing speed, it is unclear whether such delay in processing speed is beneficial to sport performance. Thus, a broader population of static sport athletes must be examined to determine the difference in processing speed according to the level of skill.
The regression analysis examining the relationship between training experience and cognitive functions according to gender of each sports type revealed that the reaction time in male athletes was significantly accelerated as the training experience increases in the interceptive sports as shown in Fig. 1 , which requires quick judgment and response, but the relationship was not significant in female. On the other hand, the longer the training experience of the static sports, the lower the DDST score in men (Fig. 2) , which means that it takes longer to match numbers and signs. These results implies that the longer the training experience of static sports such as shooting and archery, which is the most important goal of improving accuracy, the slower the information processing speed of men. It means that the gender, which shows the speed-accuracy tradeoff phenomenon by the training of the sport, is male. It is well known that prenatal testosterone levels yields gender differences in brain [31] . It has been also proven that there is a gender differences in brain and cognitive function. For example, women are known to have better language perception [32] , and fine motor skills [33] , in which accuracy is important, whereas men are capable of spatial perception [34] , or motor skills [35] . In fact, testosterone has been shown to improve blood circulation in the brain areas, which are responsible for strategic planning, arousal state, memory and complex motor behavior [36, 37] .
The MANOVA to examine the influence of gender and sports type on cognitive function revealed sex-related differences in cognitive functions, as shown in Fig. 3 . The females showed higher accuracy on the choice reaction time (CRT) test, and concentration grid test (CGT) and a slower response time on the Purdue spatial visual test (PSVT), relative to the males. Barral and Debu [38] examining sex-related difference in motor control revealed that women were globally slower and more accurate than men. Similar results were replicated with females showing higher accuracy on the CRT [38] and CGT [19] and a slower response time on the PSVT [39] relative to males. Barrel and Debu [38] insisted that such gender differences could result from a sex-related difference in the neural mechanism of movement control, namely that females take advantage of their slower movements to process a greater amount of movement-produced feedback and achieve greater accuracy. This is a plausible cause of the higher accuracy but slower response to the cognitive tests observed in the female participants in the present study.
The score on the digit symbol substitution test (DSST) was higher in the females than the males. This result is consistent with previous stud- In the present study, no significant difference in cognitive function was found depending on sports types. This may be due to the length of were only significant in male athletes implies that the gender, which is influenced mostly by the speed-accuracy trade-off phenomenon by the training of the sport, is male.
